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τ-RIGID MODULES OVER AUSLANDER ALGEBRAS
XIAOJIN ZHANG
Abstract. We give a characterization of τ -rigid modules over Auslander algebras in terms of
projective dimension of modules. Moreover, we show that for an Auslander algebra Λ admitting
finite number of non-isomorphic basic tilting Λ-modules and tilting Λop-modules, if all indecom-
posable τ -rigid Λ-modules of projective dimension 2 are of grade 2, then Λ is τ -tilting finite.
1. Introduction
Recently Adachi, Iyama and Reiten [AIR] introduced τ -tilting theory to generalize the classical
tilting theory in terms of mutations. τ -tilting theory is close to the silting theory introduced by
[AiI] and the cluster tilting theory in the sense of [KR, IY, BMRRT].
Note that τ -tilting theory depends on τ -rigid modules. So it is very interesting to find all τ -
rigid modules for a given algebra. There are some works on this topic (See [A1, A2, AAC, IJY,
IRRT, J, M, HuZh, AnMV, W, Z] and so on). In particular, Iyama and Zhang [IZ] classified all
the support τ -tilting modules and indecomposable τ -rigid modules for the Auslander algebra Γ of
K[x]/(xn). They showed that the number of non-isomorphic basic support τ -tilting Γ-modules is
exactly (n+1)!. For an arbitrary Auslander algebra Λ, little is known on τ -rigid Λ-modules. So a
natural question is:
Question 1.1. How to judge τ-rigid modules over an arbitrary Auslander algebra?
Our first goal in this paper is to give a partial answer to this question. Throughout this paper
all algebras are finite-dimensional algebras over a field K and all modules are finitely generated
right modules.
For an algebra Λ, denote by (−)∗ the functor HomΛ(−,Λ). For a Λ-moduleM , denote by pdΛM
(resp. idΛM) the projective dimension (resp. injective dimension) of M . Denote by gradeM the
grade of M . Then we have the following theorem.
Theorem 1.2. (Theorems 3.3 and 3.10, Corollary 3.7) Let Λ be an Auslander algebra and M a
Λ-module. Then we have the following:
(1) Every simple module S is τ-rigid.
(2) If pdΛM = 1, then M is (τ-)rigid if and only if Ext
2
Λ(N,M) = 0, where N =M
∗∗/M .
(3) If gradeM = 2, then M is τ-rigid if and only if TrM is τ-rigid with pdΛTrM = 1.
(4) If Λ admits a unique simple module S with pdΛ S = 2, then
(a) Every indecomposable module M with pdΛM = 1 is (τ-)rigid.
(b) All indecomposable τ-rigid Λ-modules N with pdΛN = 2 are of grade 2.
On the other hand, Demonet, Iyama and Jasso gave a general description of algebras with finite
number of support τ -tilting modules in [DIJ] where they call the algebras τ -tilting finite algebras.
It is clear that an algebra Λ is τ -tilting finite if and only if so is its opposite algebra Λop. We should
remark that an algebra is τ -tilting finite implies that there are finite number of non-isomorphic
basic tilting Λ-modules and tilting Λop-modules. It is natural to consider the following question.
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Question 1.3. When is an algebra admitting finite number of basic tilting Λ-modules and tilting
Λop-modules τ-tilting finite?
It is obvious that algebras of finite representation type are both tilting-finite and τ -tilting finite.
However, we need a non-trivial case. Our second goal of this paper is to give a more general answer
to this question whenever Λ is an Auslander algebra. We prove the following theorem in which the
algebra is not necessary to be an Auslander algebra.
Theorem 1.4. (Theorem 3.8) Let Λ be an algebra of global dimension 2 admitting finite number
of basic tilting Λ-modules and tilting Λop-modules. If all indecomposable τ-rigid modules with
projective dimension 2 are of grade 2, then Λ is τ-tilting finite.
The paper is organized as follows:
In Section 2, we recall some preliminaries. In Section 3, we prove the main results and give
some examples to show the main results.
Throughout this paper, all algebras Λ are basic connected finite dimensional algebras over
an algebraic closed field K and all Λ-modules are finitely generated right modules. Denote by
modΛ the category of finitely generated right Λ-modules. For M ∈ modΛ, denote by addM the
subcategory of direct summands of finite direct sum of M . We use TrM to denote the Auslander
transpose ofM . Denote by τ the AR-translation and denote by |M | the number of non-isomorphic
indecomposable direct summands of M .
Acknowledgement Part of this work was done when the author visited Nagoya University in
the year 2015. The author would like to thank Osamu Iyama, Laurent Demonet, Takahide Adachi,
Yuta Kimura, Yuya Mizuno and Yingying Zhang for useful discussion and kind help. The author
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2. Preliminaries
In this section we recall some basic preliminaries for later use. For an algebra Λ, denote by
gl.dimΛ the global dimension of Λ. We begin with the definition of Auslander algebras.
Definition 2.1. An algebra R is called an Auslander algebra if gl.dimR ≤ 2 and Ii(R) is projective
for i = 0, 1, where Ii(R) is the (i+ 1)-th term in a minimal injective resolution of R.
Let R be a representation-finite algebra and A an additive generator ofmodR. Auslander proved
that there is a one to one correspondence between representation-finite algebras and Auslander
algebras viaR 7→ EndR(A). In this case, we call EndR (A) the Auslander algebra of R. Furthermore,
for X ∈ modR we denote by PX = HomR (A,X) and SX = PX/radPX . The following statement
[AuRS] is essential in the proof of the main result.
Proposition 2.2. Let X be an indecomposable R-module. Then
(1) pdΛSX ≤ 1 if and only if X is projective, and 0→ PradX → PX → SX → 0 is a minimal
projective resolution of SX .
(2) pdΛSX = 2 if and only if X is not projective, and the almost split sequence 0 → τX →
E → X → 0 gives a minimal projective resolution 0 → PτX → PE → PX → SX → 0 of
SX .
For a positive integer k, an algebra Λ is called Auslander’s k-Gorenstein if pdΛ Ij(Λ) ≤ j for
0 ≤ j ≤ k − 1. For a Λ-module M and a positive integer i, we call gradeM ≥ i if ExtjΛ(M,Λ) = 0
for 0 ≤ j ≤ i− 1. We need the following result.
Lemma 2.3. Let Λ be an Auslander algebra and T ∈ modΛ. For j = 1, 2,
(1) The subcategory {M |gradeM ≥ j} is closed under submodules and factor modules.
(2) Every simple Λ-module S is either of grade 0 or of grade 2.
(3) grade ExtjΛ(T,Λ) ≥ 2.
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(4) The projective dimension of any composition factor of Ext2Λ (T,Λ) is 2.
Proof. (1) is a straight result of [I, Proposition 2.4].
(2) follows from the fact ExtiΛ(S,Λ) ≃ HomΛ(S, Ii(Λ)) and Λ is an Auslander algebra.
(3) By the definition of Auslander algebra, Λ is Auslander’s 2-Gorenstein. Then by [FGR] Λ
is Auslander’s k-Gorenstein if and only if for each submodule X of ExtiΛ(T,Λ) with T in modΛ
and i ≤ k, we have gradeX ≥ i. Then we have grade Extj
Λ
(T,Λ) ≥ j for j = 1, 2. By (1) every
composition factor S of Ext1Λ(T,Λ) has grade at least 1, and hence 2 by (2). Then by an induction
on the length of Ext1Λ(T,Λ), we get gradeExt
1
Λ(T,Λ) ≥ 2.
(4) is a direct result of (1) and (3). 
In the following we recall some basic properties of τ -rigid modules. We start with the following
definition [AIR].
Definition 2.4. We call M ∈ modΛ τ-rigid if HomΛ(M, τM) = 0. In addition, M is called
τ-tilting if M is τ -rigid and |M | = |Λ|. Moreover, M is called support τ-tilting if there exists an
idempotent e of Λ such that M is a τ -tilting Λ/(e)-module.
It is clear that any τ -rigid Λ-module M is rigid, that is, Ext1Λ(M,M) = 0. In general the
converse is not true. But if pdΛM = 1, then M is τ -rigid if and only if M is rigid. Recall that a
Λ-module T is called a (classical) tilting module if T satisfies (1) pdΛT ≤ 1, (2) Ext
1
Λ(T, T ) = 0 and
(3) |T | = |Λ|. It is showed in [AIR] that a tilting Λ-module is exactly a faithful support τ -tilting
Λ-module.
To judge τ -rigid modules of projective dimension 2 over Auslander algebras, we also need the
following lemma in [AIR].
Lemma 2.5. Let Λ be an algebra and M a Λ-module without projective direct summands. Then
M is τ-rigid in modΛ if and only if TrM is τ-rigid in modΛop.
Recall that a morphism f :M → N is called right minimal (resp. left minimal) if fg = f (resp.
gf = f) implies that g is an isomorphism, where g is a homomorphism of the form M →M (resp.
N → N). The following properties of right minimal (resp. left minimal) morphisms in [HuZ] are
useful for the proof of the main results.
Lemma 2.6. Let 0→ A
g
→ B
f
→ C → 0 be a non-split exact sequence in modΛ with B projective-
injective. Then the following are equivalent:
(1) A is indecomposable and g is left minimal.
(2) C is indecomposable and f is right minimal.
3. Main results
In this section we give the main results of this paper and some examples to show the main
results. Throughout this section, Λ = EndRA is the Auslander algebra of a representation-finite
algebra R with an additive generator A.
It is showed by Igusa [Ig] that S is rigid for any simple module S over an algebra Γ of finite global
dimension. However, we give a new direct proof for the rigidness of simple modules whenever Γ is
an Auslander algebra.
Proposition 3.1. Let Λ be an Auslander algebra and S a simple Λ-module. Then Ext1Λ(S, S) = 0.
Proof. For a simple Λ-module S, we show the assertion by using the projective dimension of S.
If pdΛS = 0, there is nothing to show.
If pdΛS = 1, then we can get a minimal projective resolution 0 → P1(S) → P0(S) → S → 0.
Then the length of P1(S) is smaller than that of P0(S), and hence HomΛ(P1(S), S) = 0. So one
gets Ext1Λ(S, S) ≃ HomΛ(P1(S), S) = 0.
If pdΛS = 2, then by Proposition 2.2, there is an AR-sequence 0→ τX → E → X → 0 in modR
such that 0 → HomR(A, τX) → HomR(A,E) → HomR(A,X) → S → 0 is a minimal projective
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resolution of S. On the contrary, suppose that Ext1Λ(S, S) 6= 0, then we get that HomΛ(P1(S), S) ≃
Ext1Λ(S, S) 6= 0. So P0(S) = HomR(A,X) is a direct summand of P1(S) = HomΛ(A,E). Note that
the functor HomΛ(A,−) induces an equivalence from addA to addΛ, then X is a direct summand
of E. Since E → X is right almost split, then we get an irreducible morphism f : X → X by
[AsSS, IV, Theorem 1.10(b)], a contradiction. 
Denote by (−)∗ the functor HomΛ(−,Λ), then we have the following lemma [IZ] with a different
shorter proof.
Lemma 3.2. Let Λ be an Auslander algebra, and let M be a Λ-module with pdΛM ≤ 1. Then the
canonical map M
ϕM
→ M∗∗ is injective, and the projective dimension of any composition factor of
M∗∗/M is 2.
Proof. By [AuB], we get an exact sequence 0→ Ext1Λop(TrM,Λ)→M →M
∗∗ → Ext2Λop(TrM,Λ)→
0. To show the former assertion, it suffices to show that Ext1Λop (TrM,Λ) = 0. In the following we
show gradeTrM = 2. Since pdΛM ≤ 1, then one gets TrM ≃ Ext
1
Λ(M,Λ) and hence by Lemma
2.3(3), grade TrM ≥ 2 holds, and hence Ext1Λop(TrM,Λ) = 0 We get the desired injection. Then
by Lemma 2.3(2), the later assertion holds. 
Now we are in a position to state the following main result on the (τ -)rigidness of modules with
projective dimension 1.
Theorem 3.3. Let Λ be an Auslander algebra and M a Λ-module with pdΛM = 1. Then
Ext1Λ(M,M) = 0 if and only if Ext
2
Λ(N,M) = 0 holds for N =M
∗∗/M .
Proof. We show the assertion step by step.
(1) For any M ∈ modΛ, M∗ is projective. Here we only need the condition gl.dimΛ = 2.
Let P1(M) → P0(M) → M → 0 be a projective resolution of M . Applying the functor (−)
∗
,
we get an exact sequence 0→M∗ → P0(M)
∗ → P1(M)
∗. Since gl.dimΛ ≤ 2, one gets that M∗ is
a projective Λop-module. Thus M∗∗ is a projective Λ-module.
(2) Ext1Λ(M,M) ≃ Ext
2
Λ(M
∗∗/M,M) holds.
By Lemma 3.2, we get the exact sequence 0→M →M∗∗ → Ext2Λop(TrM,Λ)(=M
∗∗/M)→ 0.
Applying the functor HomΛ(−,M) to the exact sequence, we get the desired isomorphism since
M∗∗ is projective by (1). 
Immediately, we have the following corollary.
Corollary 3.4. Let Λ be an Auslander algebra and M a Λ-module with pdΛM = 1.
(1) If idΛM = 1, then Ext
1
Λ(M,M) = 0 holds.
(2) If Ext2Λ(S
′,M) = 0 holds for any composition factor S′ of M∗∗/M , then Ext1Λ(M,M) = 0
holds.
Proof. (1) follows from Theorem 3.3 directly. By induction on the length of M∗∗/M , one can get
the assertion (2). 
Remark 3.5. We should remark that the converse of Corollary 3.4 are not true in general (see
Example 3.11(5)).
Denote by iτ -rigΛ the set of isomorphism classes of indecomposable τ -rigid Λ-modules. Similarly,
one can define iτ -rigΛop. Denote by G the subset of iτ -rigΛ consisting of isomorphism classes of τ -
rigid modules of grade 2 and denote by S the subset of iτ -rigΛop consisting of isomorphism classes
of non-projective τ -rigid submodules of addΛop. To judge τ -rigid modules of projective dimension
2 over Auslander algebras, we need the following proposition.
Proposition 3.6. Let Λ be an algebra of global dimension 2. There is a bijection between G and
S via Tr :M 7→ TrM.
τ -RIGID MODULES OVER AUSLANDER ALGEBRAS 5
Proof. By Lemma 2.5 M is τ -rigid if and only if TrM is τ -rigid. Now it suffices to show that (a)
M ∈ G implies that TrM ∈ S and (b) M ∈ S implies that TrM ∈ G.
(a) Since M ∈ G, take the following minimal projective resolution of M : · · · → P1(M) →
P0(M)→M → 0. Applying the functor (−)
∗, we get an exact sequence
0 =M∗ → P0(M)
∗ → P1(M)
∗ → TrM → 0, (3.1)
which is a minimal projective resolution of TrM . Then pdΛ TrM = 1. On the other hand, since
gradeM = 2, one gets the following sequences
0 =M∗ → P0(M)
∗ → Ω1M∗ → Ext1Λ(M,Λ) = 0. (3.2)
and
0→ Ω1M∗ → P1(M)
∗ → P2(M)
∗ (3.3)
Comparing exact sequences 3.1 with 3.2 and 3.3, one gets that TrM is a submodule of P2(M)
∗.
(b) Since M ∈ S is non-projective and gl.dimΛ = 2, then pdΛM = 1. Take a minimal
projective resolution of M : 0 → P1(M) → P0(M) → M → 0. Applying (−)
∗, we get the
following exact sequence 0 → M∗ → P0(M)
∗ → P1(M)
∗ → TrM → 0. Note that Tr is a
duality and pdΛM = 1, one gets that HomΛop(TrM,Λ) = 0. Since M can be embedded into a
projective module, then M is torsionless, that is M → M∗∗ is injective. By [AuB] there is an
exact sequence 0 → Ext1Λop(TrM,Λ) → M → M
∗∗ → Ext2Λop(TrM,Λ) → 0 which implies that
Ext1Λop(TrM,Λ) = 0. Then gradeTrM = 2. 
As a corollary, we get the following.
Corollary 3.7. Let Λ be an Auslander algebra and M ∈ modΛ. If M is of grade 2, then M is
τ-rigid if and only if TrM is τ-rigid with pdΛ TrM = 1 in modΛ
op.
Proof. By Proposition 3.6, it is enough to show that pdΛM = 1 if and only if M can be embedded
into a projective module. Since gl.dimΛ = 2, one gets that M can be embedded into a projective
module implies that pdΛM = 1. The converse follows from Lemma 3.2. 
Recall that from [DIJ] that an algebra Λ is called τ -tilting finite if there are finite number of
non-isomorphic indecomposable τ -rigid modules in modΛ. It is clear that a τ -tilting finite algebra
admits finite number of tilting Λ-modules and tilting Λop-modules. To find a way from two-sided
tilting finite to τ -tilting finite, we have the following.
Theorem 3.8. Let Λ be an algebra of global dimension 2 admitting finite number of basic tilting
Λ-modules and tilting Λop-modules. If all indecomposable τ-rigid modules M with pdΛM = 2 are
of grade 2, then Λ is τ-tilting finite.
Proof. By the assumption, there are finite number of tilting modules which implies that there are
finite number of indecomposable τ -rigid Λ-modules and Λop-modules of projective dimension less
than or equal to 1. Then by Proposition 3.6, the number of indecomposable τ -rigid Λ-module of
grade 2 is equal to the number of indecomposable non-projective τ -rigid submodules N of Λop.
Since gl.dimΛ = 2, we get that pdΛN = 1, and hence the number of this class of modules is finite.
Note that all indecomposable τ -rigid Λ-modules with projective dimension 2 are of grade 2, then
the number of indecomposable τ -rigid modules with projective dimension 2 is finite by Proposition
3.6. 
Immediately, we have the following corollary which confirms the τ -tilting finiteness of the the
Auslander algebra of K[x]/(xn) showed in [IZ].
Corollary 3.9. Let Λ be an Auslander algebra admitting finite number of basic tilting Λ-modules
and tilting Λop-modules. If all indecomposable τ-rigid modules M with pdΛM = 2 are of grade 2,
then Λ is τ-tilting finite.
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For a module M , denote by radM and socM the radical and the socle of M , respectively. Now
we give the following classification of Auslander algebras admitting a unique simple module of
projective dimension 2 which gives a support to Theorem 3.3 and Corollary 3.9.
Theorem 3.10. Let Λ be an Auslander algebra. If Λ admits a unique simple Λ-module S with
pdΛS = 2, then
(1) Λ is either the Auslander algebra of the path algebra R = KQ with Q : 1 → 2 or the
Auslander algebra of the Nakayama local algebra R of radical square zero.
(2) Every indecomposable Λ-module M with pdΛM ≤ 1 is rigid, and hence τ-rigid.
(3) All indecomposable τ-rigid Λ-modules N with pdΛN = 2 are of grade 2.
Proof. Since (2) and (3) follow from (1) easily, we only show (1). By Proposition 2.2, there is
a unique non-projective indecomposable R-module X such that the AR-sequence 0 → τX →
E → X → 0 in modR induces a minimal projective resolution of S: 0 → HomR(A, τX) →
HomR(A,E) → HomR(A,X) → S → 0. Then all indecomposable modules are projective except
X . We claim that X should be simple. Otherwise, there would be a simple factor module Y of X
such that Y 6≃ X . By the proof above Y would be projective and hence X ≃ Y is projective, a
contradiction. Now we divide the proof in two parts.
(a) If X is not injective, then all indecomposable injective R-modules are projective, and hence
R is self-injective. So we get that R is local with a unique simple module X . Otherwise, there
would be a simple projective-injective R-module. One gets a contradiction since R is basic and
connected. Taking a minimal projective resolution of X , we get the following exact sequence
0→ Ω1X → P0(X)(= R)→ X → 0. By Lemma 2.6, Ω
1X is indecomposable non-projective, and
hence Ω1X ≃ X . Then rad2R = 0 holds. By [AuRS, IV , Proposition 2.16], R is a Nakayama
algebra.
(b) If X is injective, then X 6≃ socP for any indecomposable projective R-module. Hence the
injective envelope I0(R) is projective, that is, R is Auslander’s 1-Gorenstein [FGR]. Then P0(X)
is projective-injective since X is injective. Taking a part of minimal projective resolution of X :
0 → Ω1X → P0(X) → X → 0, one gets that Ω
1X is indecomposable and projective by Lemma
2.6. Then we conclude that R is a hereditary algebra.
In the following we show R is a Nakayama algebra. One can show that P0(X) is the unique
projective-injective module in modR since R is a basic connected hereditary algebra. Then every
indecomposable projective R-module is contained in P0(X) and admits a unique composition series.
By [FGR], Rop is also Auslander’s 1-Gorenstein. Similarly, every indecomposable projective Rop-
module admits a unique composition series. So R is a Nakayama algebra. By [AsSS, V, Theorem
3.2] and the fact all indecomposable R-modules are projective except one, we get that R = KQ
with Q : 1→ 2. 
At the end of this paper we give another two examples to show our main results.
Example 3.11. Let Λ be the Auslander algebra of K[x]/(xn). Then we have the following:
(1) Λ is given by
1
a1 // 2
a2 //
b2
oo 3
a3 //
b3
oo · · ·
an−2
//
b4
oo n− 1
an−1
//
bn−1
oo n
bn
oo
with relations a1b2 = 0 and aibi+1 = biai−1 for any 2 ≤ i ≤ n−1. Λ is of infinite representation
type if n ≥ 5.
(2) All indecomposable module M with pdΛM = 1 = idΛM are direct summands of tilting
modules, and hence τ -rigid.
(3) All indecomposable τ -rigid modules of projective dimension 2 are of grade 2. (See [IZ] for
details)
(4) The number of tilting Λ-modules (resp. Λop-modules) is n! ([IZ, T]). By Theorem 3.8, Λ is
τ -tilting finite.
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(5) If n = 4, then the indecomposable module M =
2 4
3
4
is (τ -)rigid with pdΛM = 1 and
idΛM = 2 and M
∗∗ =
2
1 3
2 4
3
4
. But Ext2Λ(S(2),M) 6= 0.
We should remark that there does exist an Auslander algebra Λ such that an indecomposable
τ -rigid Λ-module with projective dimension 2 does not necessarily have grade 2.
Example 3.12. Let Λ be the Auslander algebra of KQ with Q : 1
a1→ 2
a2→ 3. Then
(1) Λ is given by the following quiver Q′ :
4
a5
❃
❃❃
❃❃
❃❃
❃
2
a3
@@        
a2
❃
❃❃
❃❃
❃❃
❃ 5
a6
❃
❃❃
❃❃
❃❃
❃
1
a1
@@        
3
a4
@@        
6
with relations a2a1 = 0, a5a3 = a4a2 and a6a4 = 0.
(2) All indecomposable modules are τ -rigid.
(3) The indecomposable module M = 23 4 is of projective dimension 2, but it is not of grade 2
since pdΛ S(4) = 1.
References
[A1] T. Adachi, τ -tilting modules over Nakayama algebras, arXiv:1309.2216.
[A2] T. Adachi, Characterizing τ -rigid-finite algebras with radical square zero, arXiv:1401.1438.
[AAC] T. Adachi, T. Aihara and A. Chan, Tilting Brauer graph algebras I: Classification of two-term tilting
complexes, arXiv:1504.04827.
[AIR] T. Adachi, O. Iyama and I. Reiten, τ -tilting theory, Compos. Math., 150(3) 2014, 415-452.
[AiI] T. Aihara and O. Iyama, Silting mutation in triangulated categories, J. Lond. Math. Soc., 85(3) (2012),
633-668.
[AnMV] L. Angeleri Hu¨gel, F. Marks, J. Vito´ria, Silting modules, arXiv: 1405.2531.
[AsSS] I. Assem, D. Simson and A. Skowron´ski, Elements of the Representation Theory of Associative Algebras.
Vol. 1. Techniques of Reperesentation Theory, London Math. Soc. Student Texts, 65, Cambridge Univ. Press,
Cambridge, 2006.
[AuB] M. Auslander, M. Bridger, Stable module theory, Memoirs Amer. Math. Soc., No. 94, American Mathematical
Society, Providence, R.I. 1969, 146.
[AuRS] M. Auslander, I. Reiten and S. O. Smalφ, Representation Theory of Artin Algebras, Cambridge Studies in
Advanced Mathematics, 36. Cambridge University Press, Cambridge, 1997.
[BMRRT] A. B. Buan, R. Marsh, M. Reineke, I. Reiten and G. Todorov, Tilting theory and cluster combinatorics,
Adv. Math., 204 (2006), no. 2, 572-618.
[DIJ] L. Demonet, O. Iyama and G. Jasso, τ -tilting finite algebras and g-vectors, arXiv: 1503.00285.
[FGR] R. Fossum, P. Griffith and I. Reiten, Trivial Extensions of Abelian Categories, Lecture Notes in Mathematics,
Vol. 456. (Springer-Verlag, Berlin-New York, 1975).
[HuZ] Z. Huang and X. Zhang, Higher Aulander algebras admitting trivial maximal subcategories, J. Algebra, 330
(2011), 375-387.
[HuZh] Z. Huang and Y. Zhang, G-stable support τ -tilting modules, Preprint.
[Ig] K. Igusa, Notes on strong no loop conjecture, J. Pure Appl. Algebra, 69(2)(1990), 161-176.
[I] O. Iyama, Symmetry and duality for n-Gorenstein ring, J. Algbra, 269 (2003), 528-535.
[IJY] O. Iyama, P. Jorgensen and D. Yang, Intermediate co-t-structures, two-term silting objects, τ -tilting modules
and torsion classes, Algebra Number Theory, 8(10) (2014), 2413-2431.
[IRRT] O. Iyama, N. Reading, I. Reiten and H. Thomas, Algebraic lattice quotients of Weyl groups coming from
preprojective algebras, in preparation.
[IY] O. Iyama and Y. Yoshino, Mutations in triangulated categories and rigid Cohen-Macaulay modules, Invent.
Math., 172 (2008), 117-168.
[IZ] O. Iyama and X. Zhang, Classifying τ -tilting modules over the Auslander algebra of K[x]/(xn),
arXiv:1602.05037.
8 XIAOJIN ZHANG
[KR] B. Keller and I. Reiten, Cluster-tilted algebras are Gorenstein and stably Calabi-Yau, Adv. Math., 211(1)
(2007), 123-151.
[J] G. Jasso, Reduction of τ -Tilting Modules and Torsion Pairs, Int. Math. Res. Not. IMRN 16(2015), 7190-7237.
[M] Y. Mizuno, Classifying τ -tilting modules over preprojective algebras of Dynkin type,Math. Zeit., 277(3) (2014),
665-690.
[T] Y. Tsujioka, Tilting modules over the Auslander algebra of K[x]/(xn), Master Thesis in Graduate School of
Mathematics in Nagoya University, 2008.
[W] J. Wei, τ -tilting modules and ∗-modules, J. Algebra, 414 (2014), 1-5.
[Z] X. Zhang, τ -rigid modules for algebras with radical square zero, arXiv:1211.5622.
School of Mathematics and Statistics, NUIST, Nanjing, 210044, P. R. China
E-mail address: xjzhang@nuist.edu.cn
